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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cathode 
having a superior electrode characteristic to an 
oxygen reduction reaction and a solid polymer fuel 
cell equipped with this in which a high battery output 
can be obtained. 

SOLUTION: In the cathode for the fuel cell having a 
catalyst layer composed of a catalyst carrying 
conductor and a polyelectrolyte, an oxygen 
absorption/desorption body is further carried on the 
catalyst carrying conductor. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The cathode for fiiel cells which is a cathode for fuel cells which has the catalyst bed which consists 
of a catalyst support conductor and a polyelectrolyte, and is characterized by the oxygen 
absorption/emission object being further supported by said catalyst support conductor. 
[Claim 2] 

The cathode for fuel cells according to claim 1 characterized by said oxygen absorption/emission 
object being one or more sorts chosen from the oxidation number variability metal which performs 
absorption and emission of this oxygen by change of the oxidation number, metallic oxides, and 
these composites. 
[Claim 3] 

The cathode for fuel cells according to claim 1 characterized by said oxygen absorption/emission 
object being one or more sorts chosen from the oxides of Zr and Y which perform absorption and 
emission of this oxygen by adsorption of oxygen, alkali metal, or alkaline earth metal, and these 
composites. 
[Claim 4] 

The cathode for fuel cells according to claim 3 with which said oxygen absorption/emission object is 
characterized by being Ce02 or Ce02-Zr02. 

[Claim 5] 

The polymer electrolyte fuel cell which is a polymer electrolyte fuel cell which has the 
polyelectrolyte fihn arranged between an anode, a cathode, and said anode and said cathode, and is 
characterized by having a cathode for fuel cells given in any of claims 1 -4 they are as said cathode. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsi±>le for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Field of the Invention] 

[0001] 

This invention relates to the polymer electrolyte fuel cell equipped with the cathode for fuel cells, 
and this. 

[Background of the Invention] 
[0002] 

Since the formation of small lightweight is easy for the polymer electrolyte fuel cell which has the 
polyelectiolyte film, the utilization as migration cars, such as an electric vehicle, a power source of a 
small cogeneration system, etc. is expected. However, since operating temperature is comparatively 
low and the exhaust heat cannot use a polymer electrolyte fuel cell effectively for auxiliary 
machinery power etc. easily, for the utilization, the engine performance which can obtain high 
generating efficiency and high power density under the hi^ actuation condition of the utilization 
factor of anode reaction gas (pure hydrogen etc.) and the utilization factor of cathode reaction gas 
(air etc.) is demanded. 
[0003] 

The anode of a polymer electrolyte fuel cell and the electrode reaction in each catalyst bed of a 
cathode advance in the three-phase zone (henceforth a reaction site) to which each reactant gas, a 
catalyst, and fluorine-containing ion exchange resin (electrolyte) exist in coincidence. Therefore, in 
the polymer electrolyte fuel cell, conventionally, catalysts, such as a metal catalyst or metal support 
catalysts (for example, metal support carbon which supported metal catalysts, such as platinmn, to 
carbon black support with a big specific surface area), are covered with the polyelectrolyte film, 
congener, or fluorine-containing ion exchange resin of a different kind, it is used as a component of a 
catalyst bed, and increase-ization of the reaction site concemed is attained by performing three- 
dimension-ization of the reaction site in the so-called catalyst bed. 
[0004] 

The perfluorocarbon polymer (henceforth a sulfonic acid type perfluorocarbon polymer) with which 
ion conductivity which is represented by "Nation" by Du Pont etc. has a stable sulfonic group 
chemically under oxidization and reducing atmosphere highly as fluorine-containing ion exchange 
resin which covers the above-mentioned catalyst is used. 
[0005] 

However, while the fluorine-containing ion exchange resin contained in the catalyst bed of the 
conventional cathode was excellent in ion conductivity and chemical stability, since the oxygen gas 
permeabiUty in resin was inadequate, it was difficult for the oxygen permeability in a catalyst bed to 
become inadequate, and for the overvoltage of the oxygen reduction reaction in a cathode to become 
large, and to acquire the high electrode characteristic. 
[0006] 

On the other hand, in the following patent reference 1 , the solid-state macromolecule form fuel cell 
aiming at reduction of the overvoltage of a cathode is proposed by mixing a fluorine-containing ether 
compound to the fluorine-containing ion exchange resin which covers a catalyst, and making the 
oxygen permeability in the catalyst bed of a cathode increase to it. 
[0007] 
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However, even if it is a solid-state macromolecule form fuel cell given in the patent reference 1 , the 
oxygen permeability in the catalyst bed of a cathode is inadequate, the overvoltage of a cathode 
cannot fiilly be reduced, and the endxirance of the catalyst bed of a cathode is inadequate, and there is 
a problem that a battery life is short. Since the fluorine-containing ether compoimd made desirable is 
an oil-like low molecular weight compound, this dissolves in produced water gradually during a 
generation of electrical energy, or it accompanies to it, and this is desorbed from fluorine-contaimng 
ion exchange resin, and is further considered to be because for it to be discharged from a catalyst bed 
with generation water, 
[0008] 

Then, raising the electrode characteristic especially in a cathode is indicated by making the electrode 
catalyst bed of a fuel cell contain the high molecular compoxmd which has hi^ oxygen permeability - 
in the following patent reference 2, and does not have an ion exchange group substantially. 
[0009] 

On the other hand in the following patent reference 3, imitated the hemoglobin contained in blood. 
The solution of the oxygen transporter containing the metal complex which considers specific and 
reversible association as oxygen By hydrophobicity, and the dispersion liquid distributed in the 
medium with the slow dissolution rate of a carbon dioxide While preparing the gas diffusion 
electrode which film-izes, considers as oxygen permselective membrane, and uses oxygen as an 
active material along with an air introduction hole into the cell container which has the air 
introduction hole which leads to the open air The cell which made the above-mentioned oxygen 
permselective membrane intervene between this gas diffusion electrode and an air introduction hole 
is indicated. 
[0010] 

[Patent reference 1] JP,11-354129,A 
[Patent reference 2] JP,2002-252001,A 
[Patent reference 3] JP,8-173775,A 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0011] 

If it mixes with catalyst support carbon and an electrolyte to catalyst creation time and oxygen 
transparency resin is formed in it, since oxygen transparency resin will distribute in an electrode like 
the patent reference 2, if generation water increases in number, drawing oxygen near the catalyst 
front face will become is hard to be performed. That is, it is a problem that the wastewater path of 
generation water and the diffusion path of oxygen are in the same location. In the interior of an 
electrode, electrode reaction advances to the site to which the reactant gas called a three-phase zone, 
a catalyst, and an electrolyte meet. Supply of the oxygen to a three-phase zone is made into one 
important topic. Although the effectiveness of a reaction is raised by the patent reference 2 by 
mixing physically a high polymer and a high electrolyte, and catalyst of an oxygen transmission 
coefficient, it is the three-phase zone which oxygen actually needs, and it cannot make a high oxygen 
permeability polymer exist intensively near the three-phase zone in mere physical mixing. For the 
reason, even if it uses a high oxygen transparency ingredient, the capacity cannot be demonstrated 
more than enough. It can be said that the electrode reaction of the approach against the idea of being 
carried out in a three-phase zone is not enough after all. 
[0012] 

Moreover, by the cell which made oxygen permselective membrane intervene between a gas 
diffusion electrode and an air introduction hole, not the thing that makes a direct catalyst diffuse 
oxygen but the catalytic activity was not only fully able to be raised like the patent reference 3. 
[0013] 

This invention is made in view of the technical problem which the above-mentioned conventional 
technique has, and aims at offering the polymer electrolyte fuel cell which can obtain the high cell 
output equipped with the cathode and this which have the outstanding electrode characteristic over 
an oxygen reduction reaction. 
[Means for Solving the Problem] 
[0014] 
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this invention person resulted that the above-mentioned technical problem was solved in header this 
invention by securing the path which can diffuse an oxygen molecule on carbon using a specific 
ingredient. 
[0015] 

That is, it is the cathode for fuel cells which this invention is a cathode for fuel cells which has the 
catalyst bed which consists of a catalyst support conductor and a polyelectrolyte, and is characterized 
[ 1st ] by the oxygen absorption/emission object being further supported by said catalyst support 
conductor. 
[0016] 

Since the oxygen absorption/emission object is supported further and the diffusion path of an oxygen 
molecule is secured by the oxygen adsorbent located near the catalyst to a catalyst front face while 
the catalyst is supported by the conductor, the cathode of this invention can make concentration of 
the reactant gas near [ in a catalyst bed ] the reaction site higher than before. Consequently, the 
exchange current density in electrode reaction can be increased, and an oxygen overvoltage can be 
reduced. That is, the high electrode characteristic can be acquired. If it is especially used as a cathode 
of a polymer electrolyte fuel cell, since the overvoltage of the oxygen reduction reaction of a cathode 
can be reduced effectively, the electrode characteristic of a cathode can be raised. Especially lack of 
oxygen gas can maintain the high electrode characteristic also during prolonged operation by this 
invention, although it is generated while a fuel cell operates. 
[0017] 

Moreover, in the fuel cell which uses air for an oxidizer, existence of nitrogen can cause [ of an 
electrode ] reaction control. By using the oxygen absorption/emission object supported with this 
invention near the catalyst, diffusion of nitrogen gas can be controlled, a high oxygen density [ / near 
the electrode ] can be realized, and the higher generation-of-electrical-energy engine performance 
can be obtained. 
[0018] 

The oxygen absorption/emission object used by this invention is an ingredient which has the function 
which ** and emits oxygen reversibly, and various ingredients are known. These can be used in this 
invention. 
[0019] 

Oxygen absorption/emission **** used by this invention is the metal metallurgy group oxide which 
can repeat absorption and emission of oxygen by fluctuation of a nearby oxygen density. That is, it is 
the oxide which can do ** which absorbs oxygen under an oxidizing atmosphere with 02 
comparatively high concentration, and emits oxygen under a reducing atmosphere with 02 
comparatively low concentration. 
[0020] 

It is the oxidation number variabiUty metallic oxide which performs absorption and emission of this 
oxygen by change of the oxidation number, for example, specifically, Ti, V, Cr, Mn, Fe, Co, nickel, 
Cu, Nb, Mo, Ta, W, Ce, Pr and Nd metals, or these oxides are mentioned. In these, the oxide of Mn, 
Fe, Co, and nickel is more desirable. Moreover, the basic oxide which performs absorption and 
emission of this oxygen by adsorption of oxygen is also usable. For example, the oxide of Zr, Y, 
alkali metal, or alkaline earth metal is mentioned. Specifically, Ce02 and Ce02-Zr02 compound is 
illustrated preferably. In addition, an oxygen absorption/emission object is not limited to these. 
[0021] 

To aquosity solvents, such as water and alcohol, since the oxygen absorption/emission object in this 
invention is substantially insoluble, it is desorbed from a conductor front face during long-term 
actuation, and it can fully prevent generating of the fault of being discharged from a catalyst bed. 
Consequently, the gas diffrision electrode of this invention becomes possible [ it being stabiUzed and 
acquiring the high electrode characteristic over a long period of time, ]. 
[0022] 

In this invention, it is desirable that they are carbon powder or a fibrous c2irbon material as a 
conductor with which a catalyst and an oxygen absorption/emission object are supported by the front 
face. 
[0023] 
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Moreover, it is the polymer electrolyte fuel cell which this invention is a polymer electrolyte fuel cell 
which has the polyelectrolyte film arranged between an anode, a cathode, and an anode and a 
cathode, and is characterized [ 2nd ] by having the above-mentioned cathode as a cathode. 
[0024] 

Thus, it becomes possible to constitute the polymer electrolyte fuel cell which has a high cell output 
by having the cathode of this invention which has the outstanding electrode characteristic over the 
oxygen reduction reaction described previously. Moreover, since it excels in endurance while the 
cathode of this invention can fully prevent generating of flooding as stated previously, the polymer 
electrolyte fuel cell of this invention equipped with this becomes possible [ it being stabilized and 
obtaining a high cell output over a long period of time, ]. 
[Effect of the Invention] 
[0025] 

According to this invention, when the oxygen absorption/emission object existed in the catalyst bed 
of the cathode for fuel cells, the high oxygen density [ / near the electrode ] was able to be realized 
without being influenced of the gaseous diffusion of a catalyst bed, and the higher generation-of- 
electrical-energy engine performance was able to be obtained. 
[Best Mode of Carrying Out the Invention] 
[0026] 

Hereafter, the suitable operation gestalt of the polymer electrolyte fuel cell equipped with the 

cathode of this invention and this is explained to a detail. 

[0027] 

The conceptual diagram of the catalyst electrode reaction in the conventional cathode is shown in 
drawing 1 . It is drawing 1 (a) at the time of reaction initiation, or the time when an output is low, 
and since oxygen is seldom needed, supply of oxygen is maintained by the usual diffusion near the 
catalyst. That is, the oxygen molecule diffiised near the catalyst performs the reaction of a proton, an 
electron, and the following chemical formula, and generates a water molecule. 

02 + 4H+ -h 4e > 2H20 

[0028] 

Drawing 1 (b) is a time of an output becoming large, and consimies a lot of oxygen. For the reason, 
the oxygen tension near the catalyst falls extremely. The following oxygen is spread for reacting. 
It could not but wait to come and the fall of a generation-of-electrical-energy property is caused. 
[0029] 

The conceptual diagram of the catalyst electrode reaction in the cathode of this invention is shown in 
drawing 2 . Similarly near the conductive carbon with which the catalyst was supported, Ce02 is 
supported on conductive carbon as an oxygen absorption/emission object. When the fuel cell is 
operated in the low-power output field, there are few oxygen demands in a catalyst, and since the 
oxygen density near the oxygen absorption/emission object is deep, occlusion of the excessive 
oxygen is carried out to an oxygen absorption/emission object. On the other hand, since and the 
oxygen demand in a catalyst becomes [ ttie oxygen density near the oxygen absorption/emission 
object ] thin when the fuel cell is operated by high power, oxygen is emitted from an oxygen 
absorption/emission object. By returning this emitted oxygen on a catalyst, the fuel cell engine 
performance improves further. Thus, since oxygen is supplied to Pt catalyst, without being 
influenced of the gaseous diffusion of a catalyst bed since oxygen is emitted near the Pt electrode 
catalyst, the output of a fuel cell improves. 
[0030] 

Electrode reaction adveinces to the site to which the reactant gas called a three-phase zone, a catalyst, 
and an electrolyte meet. Supply of the oxygen to a three-phase zone is made into one important 
topic. When the output of a cell is made high, a lot of oxygen is needed for a reaction, and if there is 
no oxygen near the catalyst, a generation-of-electrical-energy property will fall rapidly. Although it 
is the format of supplying high-concentration oxygen, in a Prior art, since an actual reaction is 
performed by the three-phase zone (a near catalyst) as shown in drawing 1 , if oxygen is not suppUed 
here, the capacity cannot be demonstrated more than enough. Although the oxygen demand on the 
front face of a catalyst rises when an output is raised especially, the diffusion rate of oxygen which 
reaches a catalyst front face hardly changes from the exterior. When the output rate of the oxygen on 
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a certain front face of a catalyst more than fixed exceeds the speed of supply of the oxygen on the 
front face of a catalyst for the reason, a generation-of-electrical-energy property falls by ♦**♦♦* near 
near the catalyst. On the other hand, as shown in drawing 2 , in this invention, the fall of the 
generation-of-electrical-energy property by ****** near near the catalyst is prevented by raising the 
speed of supply of the oxygen on the front face of a catalyst. 
[0031] 

Although the cathode of the polymer electrolyte fuel cell of this invention is equipped with a catalyst 
bed, it is desirable to consist of a catalyst bed and a gaseous diffusion layer which adjoins this 
catalyst bed and is arranged. As a component of a gaseous diffusion layer, the porous body (for 
example, a carbon cross and carbon paper) which has electronic conduction nature is used, for 
example. : 
[0032] 

The oxygen absorption/emission object exists in the catalyst bed of a cathode, and improvement in 
the electrode reaction rate of the catiiode by reducing the overvoltage to the oxygen reduction 
reaction in a cathode is achieved. 
[0033] 

Moreover, as for the content of the oxygen absorption/emission object included in the catalyst bed, it 
is desirable that it is 0.01 to 30 mass % to the total amount of a catalyst support conductor and a 
polyelectrolyte, and it is more desirable that it is 0.01 to 20 mass %. Here, the inclination it to 
become difficult to fully reduce an oxygen overvoltage [ as opposed to / that the content of an 
oxygen absorption/emission object is imder 0.01 mass % / an oxygen reduction reaction ] becomes 
large. On the other hand, if the content of an oxygen absorption/emission object exceeds 30 mass %, 
in order that the reaction sites which the content of the fluorine-containing ion exchange resin 
contained in a catalyst bed falls relatively, consequently function effectively in a catalyst bed may 
decrease in number, it becomes difficult to acquire the high electrode characteristic. 
[0034] 

Although especially the catalyst included in the catalyst support conductor of the cathode of this 
invention is not limited, platinum or a platinum alloy is desirable. Furthermore, as for the catalyst 
contained in a catalyst support conductor, being supported by the support of electrical conductivity is 
desirable. Although especially this support is not limited, the carbon ingredient more than 200m2/g 
has a desirable specific surface area. For example, carbon black, activated carbon, etc. are used 
preferably. 
[0035] 

Moreover, as a polyelectrolyte contained in the catalyst bed of this invention, fluorine-containing ion 
exchange resin is desirable, and it is desirable especially that it is a sulfonic acid type 
perfluorocarbon polymer. A sulfonic acid type perfluorocarbon polymer enables stable and prompt 
proton conduction chemically in a cathode for a long period of time. 

[0036] 

Moreover, if the thickness of the catalyst bed of the cathode of this invention is equivalent to the 
usual gas diffusion electrode, it is good, it is desirable that it is 1-100 micrometers, and it is more 
desirable that it is 3-50 micrometers. 
[0037] 

In a polymer electrolyte fuel cell, since the overvoltage of the oxygen reduction reaction of a cathode 
is very large as compared with the overvoltage of the hydro acid-ized reaction of an anode, it is 
usually effective to make the oxygen density near [ in the catalyst bed of a cathode ] the reaction site 
increase as mentioned above, to use the reaction site concerned effectively, and to raise the electrode 
characteristic of a cathode, when raising the output characteristics of a cell. 
[0038] 

On the other hand, especially the configuration of an anode is not limited, for example, may have the 

configuration of a well-known gas diffusion electrode. 

[0039] 

Moreover, the polyelectrolyte film used for the polymer electrolyte fuel cell of this invention will not 
be limited especially if it is the ion exchange membrane which shows good ion conductivity imder a 
damp or wet condition. The perfluorocarbon polymer which has the perfluorocarbon polymer which 
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has a sulfonic group, polysulphone resin, a phosphonic acid radical, or a carboxylic-acid radical as 
solid-state polymeric materials which constitute the polyelectrolyte film, for example can be used. 
Especially, a sulfonic acid type perfluorocarbon polymer is desirable. And this polyelectrolyte film 
may consist of the same resin as the fluorine-containing ion exchange resin contained in a catalyst 
bed, and may consist of different resin. 
[0040] 

The catalyst bed of the cathode of this invention can produce beforehand a catalyst, the thing which 
made the oxygen absorption/emission object support, and a polyelectrolyte using the coating liquid 
dissolved or distributed to the solvent or the dispersion medium to a conductor. Or a catalyst support 
conductor, a polyelectrolyte, and an oxygen absorption/emission object can produce using the 
coating liquid dissolved or distributed to a solvent or a dispersion medium. As the solvent used here 
or a dispersion medium, alcohol, fluorine-containing alcohol, the fluorine-containing ether, etc. can 
be used, for example. And a catalyst bed is formed by carrying out coating of the coating liquid to 
the carbon cross used as an ion exchange membrane or a gaseous diffusion layer etc. Moreover, 
coating of the above-mentioned coating liquid is carried out to the base material prepared separately, 
a coating layer is formed, and a catalyst bed can be formed on ion exchange membrane also by 
imprinting this on ion exchange membrane. 
[0041] 

Here, when a catalyst bed is formed on a gaseous diffusion layer, it is desirable to join a catalyst bed 
and ion exchange membrane by the pasting-up method, hot pressing, etc. Moreover, although a 
cathode may be constituted only fi-om a catalyst bed when a catalyst bed is formed on ion exchange 
membrane, a catalyst bed is adjoined fiirther, a gaseous diffusion layer is arranged, and it is good 
also as a cathode. 
[0042] 

The separator with which the passage of gas was usually formed is arranged, the gas which contains 

hydrogen in an anode in the passage concemed, and the gas which contains oxygen in a cathode are 

supplied to the outside of a cathode, and a polymer electrolyte fixel cell is constituted. 

[Example] 

[0043] 

Hereafter, an example and the example of a comparison are given and the cathode and poljmier 

electrolyte fuel cell of this invention are explained in detail. 

[0044] 

[Preparation of a sample] 

Usually, a Pt/C catalyst is used for a cathode as an electrode catalyst (example of a comparison). It 
experimented on this by adding Ce02 as an oxygen absorption/emission object this time (example). 
[0045] 
(Example) 

Platinum supports chloroplatinic acid on carbon by the sinking-in method, using Ketjen EC as 
carbon. Among 100%H2 gas, it retumed at 500 degrees C for 2 hours, and 50% support carbon 
catalyst of platimun was acquired. Ce02 was supported with the 2wt% consistency by the 
evaporation-to-dryness method, and the catalyst was prepared. 
[0046] 

(Example of a comparison) 

Ce02 was not added and also the catalyst was prepared like the example. 
[Catalytic activity evaluation] 

The following generation-of-electrical-energy evaluation trial was performed in the single eel of 2 

12.96cm of electrode surface products. 

"Quantity of gas flow" Anode: H2 500 cc/min 

Cathode: Air 1000 cc/min 

"Pressure" Anode: 0.2MPa 

Cathode: 0.2MPa 

"Cel temperature" 80 degrees C 

[0047] 

An evaluation result is shown in drawing 3 . The result of drawing 3 shows that the fuel cell using 
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the electrode with which the oxygen absorption/emission object of this invention was supported is 
excellent in the generation-of-electrical-energy engine performance compared with the example of a 
comparison using the electrode with which an oxygen absorption/emission object is not supported. 
[0048] 

If it guesses from the above result, it is possible that it exists near the Pt, conventional oxygen once 
sticks to Ce02, and Ce02 which is an oxygen absorption/emission object is emitted with the fall of 
the oxygen density near the catalyst. 
[Brief Description of the Drawings] 
[0049] 

[Drawing 1] The conceptual diagram of the catalyst electrode reaction in the conventional cathode is 
shown. It is drawing 1 (a) at the time of reaction initiation, or the time when an output is low, and 
drawing 1 (b) is a time of an output becoming large. 

[Drawing 2] The conceptual diagram of the catalyst electrode reaction in the cathode of this 
invention is shown. 

[Drawing 3] The voltage-current consistency curve of an example and the example of a comparison 
is shown. 



[Translation done.] 
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[Brief Description of the Drawings] 
[0049] 

[Drawing 1] The conceptual diagram of the catalyst electrode reaction in the conventional cathode is 
shown. It is drawing 1 (a) at the time of reaction initiation, or the time when an output is low, and 
drawing 1 (b) is a time of an output becoming large. 

[Drawing 2] The conceptual diagram of the catalyst electrode reaction in the cathode of this 
invention is shown. 

[Drawing 3] The voltage-current consistency curve of an example and the example of a comparison 
is shown. 
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[Drawing 1] 



(a) 




(b) 
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(54) CATHODE FOR FUEL CELL. AND SOUD POLYMER FUEL CELL EQUIPPED WITH THIS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cathode 

having a superior electrode characteristic to an oxygen 
reduction reaction and a solid polymer fuel cell equipped 
with this in which a high battery output can be obtained. 
SOLUTION: In the cathode for the fuel cell having a 
catalyst layer composed of a catalyst carrying conductor 
and a polyelectrolyte, an oxygen absorption/desorption 
body is further carried on the catalyst carrying 
conductor. 
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